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. intori cal noviow aid Intrxluciivn 



eforo pr.-codiar; to a do script it n of a no:? rot od of 
r.ea-'Tinc thn half -liven of oh d radio! hot- pea it la 

perhaps advisable to do, cribs acne tC tlv . rth-rdo which hove 

( 1 ) 

boon used suceascfully in tho pact. In f is re vxrd k *&an .Is' 
hail given an on col lent review of several Doth 'is, o r rf 
which wi 1 new be discussed# 

Afctenpts to noaauro uhc half- if c of .*a 0* (1,5^10“*' 



sec.) gave riao to throe different < eth do of r ensuring 
ch Tt half-lives, all of \h ich do pend, rn the radioactive 
daughter irotopo of interest being rr od i’rot a radii active 
parent wh-. oo half-life is Ion cot .pared t that of the 
daughter . th- m not ds nay be called (1/ the pul so -lengthen- 
ing nethod, {2) the ix lay* p 1 Iso aethad, and (3) tho 
ooc: Hose * po noth d . 

-he pul se-lcncthcnlnf, .'Ut' od has boon do 1 pod by 
&m\*jrbbS%} (xfri ftctblnt,^ * ^ It utilises two c 'tint .ro, 
one of which is sensitive to -ho beta radiation fror* -a G and 
ono of which io sensitive to the alpha radiation frot da C*. 
The pulses frs» the two counters arc amplified separately, 
mdo of tmlfwm dec, and then fed into a coincid .nc'» circuit, 
ho leapt h of the beta pul? o ia varied ad thf irurJbor of 
c incidences per unit tins •boorved as t function of ho 
len&th ^f die pulse. That tho graph of the coincidcne ® per 



unit tine versus .ho l-r>nto f the pulse i a hci inverse of 

1 



M 



tho -a U* decay curve my bo »a en £r i«. the o nsi. cr&vi ons 
below. 

the g ncral law of radioactive d cay my be written 



Cu> 



I - N 0 e 



-it 



U) 



whijre i; * the number of ats^e of a rtdioac ive rateriul 
remaining at the end of a tlt« t j ! 0 ■ the initial number 
of ato..:s; and A * tho decay constant* 

If r be put equal to one and the differential of (1) 
taken, tho re colt io 



d 



• -Ao" At dt 



( 2 ) . 



Trc.i {2} it my bo n.-on that the probabi ity for a rivon 
ot -i to live a ti s t arid then decay in the in rval from 



t to t+dt it Ao**^dt. fhuc tho probability for the omis- 
sion of an alpha particle during the tin® X , or what io the 



caoo tiring, tho rate of coincidence when the beta pulse hue 
a engfch X is 

C » Uj A (3; 

O 

whore A io tho decay constant of -a C 1 and il 0 is tho ini- 
tial number of Ea C* atons. 
value ting thG integral in (3) leads to 

c « c ^ (i-o-**; U) 

r.iioro C rax io the raximun c incidence rate, vMch dll bo 
attained when X becomes infinite* For infinite X , J •» e lll2 . : » 
i: 0 . Iron (4) it can be se>-n that the coir did i.ea rate in- 
cr nous exponentially with the beta-pul e length in a manner 
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cUsfc r .incd by the decay c >rstant * , onco it its possible tc 
co puto the half-life of fta C* fror. the c;:: rir cr.tal rela- 
ti r.ohip observed bet^e-n thn coircic. nco rat anl the 
length of th beta pulse* 

1’he delayed pu'.,o ratlvod has, be* n developed by 



Jacobsen and ^irurgeirraon 



( 5 ) 



in the provi us othod 



two c- -unbar* are used, or.o sensitive -n. y to beta r^diatl n 
and the ot ,*r a*- sitivo only to alpha radiation* Iho out- 
puts of the tu ccuntors are fed into a coincidence circuit 

t 

as before. ou, h i/ovur, instead «f length- nin *, the beta 
pulse the avr'val of th© beta pul so i* delayed a variable 
length „f tine. .3 bef re the probability that an at n de- 
cays in tho interval, botx/oen t and t*dt is dfc. non 

tho pulse widths are abort co. pared to th© half-life be inn 
s^ca cured thin is equivalent to the probability that a coin- 
cide co be recorded after the beta pulse has Vjcn delayed t 
units of tine, ihereforo the c incidence rate my now bo 
‘.nprosjed as 

G « (f>) 

*x 

uhoro X is tic delay tit .a if tho beta pulse ; r c is tho nax- 
i. tin length of tin© by w.JLch tt/o pulses nay bo cap: rated and 
still bo rcc rdod as a c Incidence; a. la the aoc.iy c instant 
of la C 1 ; and h 0 is the initial nunbor of da C ? at or <- 6 . In- 

teqrati n of (-j) civoo 

G « : 0 Q~ xr { 1-0“ AT °) (6) . 

If one now denotes by C Q the value of G tiien **■ 88 o, it is 
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easily ai.cn that 

0 w G 0 /(I - o~* T e} (7) . 

ith this nubs titut Ion (6) boc.rcs 

U » o 0 ~ XZ {'/ . 

I'r on (B) it la clear that a *;rafh of th obsorved rote of 
c inclAtrCw v rr.uo who delay tine of the beta pul res will 
;ive a acca/ curve Ter .m C* fren which w o half-life ray bo 
a oily corrpat eel . 

- ho occilxowcopo uofcnocl has boon developed by owlando « 
(6/, 4 iVo c •unions arc need as in the provi uc two 
nethftds* hio uotecd does net, ho. /over , utilise a c in- 
cidence circuit, instead, the beta pulr-c In ua?d ts. trijsrer 
a oia v lc sweep on a cathode ray oscillograph *nd the alpfoa 
pulro it applied to the vortical deflect 1 n : latex. y thin 
nenns it is p eel tie to observe directly th • tine intervals 
between pulocr a ir.pl y by n tiny the position of the alpha 
pulse on the oscillograph < ere cm, *he nuwbor of alpha pulses 
observed aft or a tiae delay x will be 




where er is the unliojt unit of tine observable on the 
osciiio raph tine calc being used; % is the decay constant 
of -a C* and I! 0 io th® initial nur.ber of ha c’ atom. . o in 
th© delayed pula rallied this Lay bo readily Integra- to 

ivo 

i * i'y " XX (10) 

where now 1^ is the renter of alpha puJUoo bavin: a z^ro ti. e 
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dhi.ay; b„ society to (7) r' Q Is ooual to * # ( l~o“^ Ar ; . 

o It i. o /id. nt that ♦. plot of ol iia o v-t vj i-s* rv-.-d 

coll/ M, • ill civ a u c y curves fer «v 0* fr- r ui • eh 
the femir-lii- car . e easily deter, .ins) , 

7fc appear* ■ >i lh»* surface ao th tv.h n no of t • tinve 
■ -th da ; : uat ocrib».d e via .;o utilised t nor. rur thv 
v.ilf^iiro of o radioactive irrt -po which la '-os \1 yv* uct 
nvcl 1 of, 3G„ , c nuclear react! n end hi eh a* c ye t a 
at obi i loot pc* ctually, b w vur, Jo km- "nd 

l eGo ImvQ ah:-wn that tine delayed puls* reth.d r.cy 

be used to r O' cur* tho half-life ;<f a sinylo i • >latod 
radi ctiv : material. ov> ral ot h r vothoda &la:> ay* licablo 

ts this ease will now be iiocu r ; 

In a . cfcbod >ri£irxt«d by ooclc ' and F&jano^ and 
develop* by ocbor and Gaerttn a target i?. ofooitt-d 
>n a die.. vihich rotator at hi di speed. The tarree la hen 
bo 'Warded with nude.* v projectiles £r- i "1 . r<*~t of an 
accelerator, and th* aeo vity is SMKtaured a« o I’uucti n of 
the annular dioplac? ent ft*, n ! -ho pv.int of bonbon! -ent. 
fra this data tho 1 If -life of the activity nay » .slly be 

C 'put 

Caso^la and athirJ^^ iviv nod a cycl tr n dul *a d 
t . iv hurt bursts f pr*rtieleo* Ir N tvoor the t.rats, 
'-•ho etui, cr . .« osuri; . the radi activity of tiv U ryot is 
c -:ux*ctcd in tuns for -v*.v.l *1 ititorv la t* uo of ten 
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c. pur. to roe rs, -lie hr If -life .f Vi • c. vf*v * «y os 
b< a 11/ c ! put-.'d fr r. h iata .btai^id. Jars 'Is one! 

I-cthat4 cl ir U-at tills r th;<! :1 c: t Knlf-Xii .v*„r« r< r 

ir ; fr 10 ndcrcoec. to 1 toe. oh? fact r / let .bs a 
lew* r .* iuit t - th* alf-life n a ’ir- ‘•1*.- by tM t ..c!ir 
it tho r c v. ry tine f c* on c ’ ir. u - d lx r n r v*e 
tho .eh vity. .he us • of t int illation count' “o, \l. 4 eh h’ v. 

c v* •/ i r .o 3 on ti o x'd or of 10 ° o c., uld ir.cr?< so 
the ranre of ippliccbiiity of Uni rot hoc* conoid err.bly* 

or half-liver lon,;or than e f. nac rid } a tar ns raey 
be b-v.-.b- rdod and then ra .*v©d to an adjacent c-umt r of 
re .a ort ’hi eh on -lire a th" ctiv’.ty r rid t.h- d^cay f the 
induced radioactivity* ho nr in difficul i a in ill. pro- 
cedure nro jottiiv; the radi- • n ctiv--* vorfct fir: tho *L .c* £ 

b)! bardr.ont to the count r b fuv the re .S v’ty her- re ry”*d 
to* to eh, ’did df»y5'»ins a ti *ir . * c’rnien to accurately fix 
th ? ti © ir: ’vr.ls during which the emir or c' ur.tr. .he 

moiber of c -unto cbt-.in d uu t loo be roc rdod in aoteo 
fashion, .he counting interval ah .uld, of ecu. ■©, be r-oc n- 
o.bly 3- all C' nier*i t tho half-life boir* oeff r „d. Jiffer- 
c *t res *rch uorfccre " ' 1 ' ^ ; 5 ^ * have do viced various mt**od» 
t rruv ur.t tho difficult!, i ntirn d, . v i ere rr-*c± ic 
i..f nsr.fci n ♦’ho lit rrtrre nry be cr-nrilfc ;d. 

in goter&l the , th da £ r r ensuring eh rt hclf-livos 

^u.t . ex' i bed hov ' . i ' ? <i rev .-os of e. *7 Icahl -1 1/y nd ro- 

vuiro c .ipllcotod ol*c r nic c3-‘C"iho v-’ich *ro r t rr* il- 
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able C‘ ra icily. The new not Ik d ,.hich will bo e.>crib- d 

in this thesis his a rar. :o of ap? liea llity iVcw approaci- 
vxxtoly 1 rillisoc, to 1 ntn. and utilises for the • at 
part c r .rrc tally av^ilrblo oquipivnt. The associated 
electrical circuits which must bo cons meted are air lo in 
design and not difficult to aooonblr . Althou h the method 
was do. ir.n r d for use with a Van de GraafX' generator, it 
c uld easily bo ‘'daptv-d f .r us with any «- th*»r typo f 
accel rator. After the ; on oral theory and cor.str ctitn of 
the equipment havo been diocucsod, descriptions of t /o «x~ 
periuento utiliain : the i othod dll be iven. The results 
of these experiments will be discussed and finally future 
npplicati no «. f the r : othod will be sue noted. 



General Description of l othod and quipnent 



The method discussed below was devised £Vr us- vdth the 
Van d Uraaff gens rat or at vhio rente University. A general 
description of the pieces of equipment necessary .nd the 
tasks perf rned by each flicks. 

A shutter was constructed to interrupt the Van do Graaff 
genorat r bean, dinult. no ,usly ith interrupting the been 
the shutter actuates a icroawitok which in turn actuates 
a relay raising a load shield from betwe n the target being 
bombarded and an active cigar tub©, -ho puls- a fr : -ho 
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i^' r tube *ro 'od into the v>rt'eai d* fl- ct:! r iU-.tr. a of 
r> cat^cdo ray -• rcillccc ,pe. 'Ho nicro switch : cntic'iud 
be£r> also cl ot s an electric circuit v. ich ra a 

o»in^le sweep of th electron boa: acr os Vie face of the 
‘ccill.-scofo* i ositir.nod at definite intervals al •n? he 
tino axis of tifco esc ill scope are threo lucite tubes which 



pipe li.hht to three separate typo 931-.. photonultiplicr 
tubes, ach photonultiplicr tube is f llored by its 01m 
proai splif ier and its jwn independent scaler • 1'ius Girinc 
a fin ;ie me$p of the electron boon aero 00 the face of the 
oscilloscope a certain runbor of pulses will bo seen’ 1 by 
oach phototube and rec rded on the appropriate seal. r. This 
will (jive three point® on a lecay curve of the activity boinc 



c anted, vf course , this routine rust bo tym® through ’"any 
ti :os to obtain sufficient counts on each senior to ~i,e a 
snail probable err r. Hi© tine be so H th© cocilleecop® 



sweep rust bo adjusted to a value cou.en«urato with th© half- 
lifo of tho activity boinc n, soured. 

It is aeon from tho pro cod ini; dc script ion of tho new 
not hod that tho equipment necessary is: 

(1) A Van do Gr&aff generator* , 



( 2 ) A shutter for interrupt inc tho Van do Graaff 
generator bean. 

( 3 ) A Geiger tube. 

( 4 ) A cathode ray oscilloscope. 

( 5 ) Three phototubes with individual proanpli- 
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Sketch of arr3n$e.r*ent of 
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fioro cj . id independent outruns 



Figure 1 



(6) Throe c colors* 

(7) -'arioaG voltaic sup 11. -a. 

is a sketch illustrating the proper relationship 



of this equipment. It cats (2) arid (5) in the above list 
require a special description since they had to bo designed 



and constructed. 



Figure 2 is a sketch of the shutter used in this work. 

• :» can bo inferred frera the sketch the saotivating f rcc fer 
the shutter is provided by a solenoid. hen this salon id 
is actuated by a fcturi switch in ocri- s with a 20.; v It i). C* 
jxn?or supply tk« soft iron core is Givurn inside the O'.-leaoid, 
cutting off the /an do Graaff bear, and actuating the icro- 
switch. The solenoid draws 70 nillianpereo of current. hen 
too ha. d switch is turned off a spring draws the shutter 
bad: so that the «*un do Graaff boar: is again bombarding the 



target . 

Figure 3 is a circuit dicgraiB of one phototube and its 
prosrplif ier . There arc two rorc identical units. -evoral 
general references were consulted in the design of those 

circuits. {13) » (H) » <15) , (16) , (17) 

Figure 4 is a photograph of all three units conploto , 
showing the Incite tubes and the franevrork by ’liich the wh :lo 
is fastened to the face of the oocill .scope. The lucitc 
tubes wore first sh apod and then cetcr.tod to the 931- 
phototubes by noons of Canada balsan. he phototubes were 

10 
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Figure A. Cross - sectional sketch of shutter. 
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typical phototube, -yore 




Figure 4. Photograph of complete 
phototube - preamplifier unit. 
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or- srvrc 



painted blocl: to p<*ep out rod r ' .r~ r ii ht, 

fit for tv end of she Incite tubes arn *• r.ot -1 e foe * of 
the ' cilloac tx* tf> 3 fo-nd to b*> ’n^iafact r y . It rh uld 
•mi noted that the* variable rv n* star coo placed in the 
phototube circuits per it independent adject* 'ert of the 
volt r *50 acr on each phototube {within certain Units;. 

Tills ins found to be necessary sine . the 9‘)1~ tubes us d 
did n >t hr vo precisely the ,ero chorrct'-r' sties an a function 
of voltage. It is imperative that the core nur her of 
counts bo registered by eac - phototube* fron the come a urce 
of li r ;ht inpul ter: . : ,y adjusting the voltage proper y cn 

each pir totubo it r rm poitaibb to attain this d sired con- 
dition. 



specific vcperircnto Porf mod 



ft or this equipment van designed and c net rue ted, it 
wa d' elded to apply it to the problem of ret arriving the 
half-lives f the two radioisotopes Al*^ and Al^, both of 
which are in the no 5 ghborlieod of 7 sec. ~incc there van no 



rr.roep tire an largo as 7 soc, available on the oscilloscope, 
it b c .re evident that the rorurol *■» thod already described 
' uld hav t bo v*4ifi«d slightly for this r bier . An 
auxiliary sweep circuit of tin rte-i. red rghh culd have 
b'an built, but this va» decided against in fv, ver of a 



?ach .ijnlr.r idea* Instr* d of triggering a sna»ep ocr no 
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the Taco of the occj Hose' p? ' >■ her r be was Z ft 
focussed cr> a or* t 'ir ctly ur.dcr n*' eh t? < 2*ocftc tub- --3 
ccn .ctcd tv r ;• of the phototuh n, hr- other two rhoto- 
ti’b-T wore dire meet - d c x-.plutoly, : » ri di tally a v. Itage 
van applied t*. tho h'Tisortal deflect! a hlatns of fchv scil- 
loscon# to w.vo tho .trot out fr :# u ;d- r th lucit c» v-bo of 
tho active phototube. >hio thed had the ©finite r*d van- 
tare that all of th- pula c frrn tho r -ci, r tube »ore 
counted while the electron bean spot was f ease d jnlir the 
lucit® tuba. 



.Tho periodic ar-H cation of a deflecting v it v £e to 
i ho horisor.tol deflection plates cf th ncillooc pe wr 
acctirpliohed a a f lain . . sealer x/as or t to a ncalo of 
54 and then all red U' count tho 60 cyclo A. C, line fre- 
quency, 'he result ing pul so c\ ry 64/60 cf a tee nd was 
fed list o an external register*, -he external register had 



a eliding note! c nut act which rade contact • jith the ro- 
tating wheel cf thw mechanical ro -isv.tr, .enuv r } at ce fi- 
nite intervals around *,iw wheel scotch tare w-s git c d so 
th-.t the electrical c ntnet :-a' br bow periodically. In 



particular th scotch too was arr ng«cl so * hat the elec- 
trical contact was sale f r 2(64/50) sac mots thin hr ’ten 
fur 3 ( 64 / 60 ) second*. Vr convenience h-r^aft r (6/./00) 
sac. will b f s pc’ con of as one tine unit. ifch a 12 l/2 volt 
V ttcry in s ri o ith :ho flee riarl cent ct aid h« 
barite rh *>1 deflection pi y-.oe • f the csci !• c ;u ( tho ptoto- 
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t L 



t\):o c ' f r / t *. y-o, J14 . t 

’ its, c i*i> d f.-r 2 t j. uni" . , KCi 

■ in r dime. It. r iu-i? hen ! •/ va C und hat the 
pels , c r ir y fr . -i *h*' fi^evplifi-,r f.ll *,/!..,• -V :h a - 
Vbi •• * n t t*n to tri : rr a rv.c rlab tcU- 

* cnl ii’ • It had trip.-* 4 - -tv. dc j; : try:- .ant .. . 1 > el 
1 10 GCw 1 r vc »iie*»ly, b’_ l.'ti * c-il‘ r -\i« n t av»- ilablo 

r-y dw yur ;.f of c • t.L r ny th- h t . ,ti« - « ''case- 
nu-yr.tiy a twa-aVr or .11 ‘L ; y ,-<•.■ < -aijn J and cv::3U*v.*;t< d 
t: rliry the yr *cis plifi or pulo- on- uyh sc t.v*t the. auto- 

,.enl*,r •: uld c it* he eirei.it c’i^cr ix of tl ia aid’ll- 
fi r it ivo 1. ’igane 5. 

vtilieir ^ the r< dificati -ns ; entionod ah e, th follot*- 

ire -or jUwjnt wt a porforr ,d. A tercet of i. c topically pur«>* 

I c^4 ^ b rrUrded vith yivt.-ns of en-roy "24 V*»v« Thin 
<e»w rgy is at a ros* nance pool; for I C*'^(p>>0 Al^. Aft r 
henb .r,.ia for thirty s. c, a cr itch tn - thrown act rtiny 
t;_ a tone id which pull cl the Gutter up, in ..rrapfcitv; the 
Van do Crr.sff bean, i ij cl sin. the . done svitch. The r icro- 
sv'tcVa cl? sir * aetriatod a r hjy vhieb lift .1 n A •••'. o' iel«i 
fr u h ween the t.-rg *t r-1 n ac i*e oi or t-be. ?..e 
C-cig.r tube then sent » .1.- to tl* vor -icnl j-l&to., cf UiC 



#Cbtained from Carbide and ear bon Che deals Division ,1-^12 
r • h Aidge t**ti aial Labe rat *ry, uptr * Hoc* -t ion £:u- ; 
the Atonic energy Coanission. 
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o^cillo^vvopc and ohc ph bjtube counted theca pulses f r 
2 tir.io-u.iit intervals . During the three tirr.o -unite delay 
the number of pulses registered in the preceding t»/ tine 
units v.g roc rded. This sequence of events .:v. . ro e i ted 
any ti: Co to yet sufficient counts t„ insure u low proba- 
ble error. The data so obtained arc given in .ppwndix I. 

1 similar experiment v;as then performed with a target 
of ig^, using protons of energy 5ob kcv. This energy is 

q f p A 

at a res nance peak foi* I (p^v) A1 • 
in this experiment are given in Appendix II. 

analysis of Data and Discussion of Results 



In the first experiment described the nuclear reaction 

( 9 q \ q » P 5 

to be f'g‘" i '(p l > , )Al J so the radio- 
isotope whose activity \r uld be measured is Al^ . All of 
the data obtained fjr the first tine interval (2 tine units; 
wore adeed t- pother as were th.se i r* all the other time 
intervals. This gave ultimately fiv ; p^ines on the (.. cay 
curve of Al' '-' . Figure 6 is a plot on ocmi-Iog graph paper 
of the results obtainec iron the data listed in jpenuix I. 
The variati ns plotted tr« one sea tdard deviation in 1 ur~th. 
The background c unt:h»g rate was .on . .red a - r xi, rely in 
the i ole of each o rpvr inert • -hilc waking bnchgr end 
cu-ta the shutter was closed, ith the »'an do rnuff bear 
b hording it, and the 1 ad shi Id 'ns raised, hef c 

1$ 





















, 

t*t .<»• - *:• - - *g • / 

. 



f 

AJl ■ 4 .1 f*fW - * 4 li* tMH* A 4 ^ 

h|I ti ^iAL n» #m 

. 



. * i 




tivUJ*. 



. 








i • t* ' c -i 



V’Towd c w, th In! rd 
t .-r .llcv't t •/ : t „«© . im.it® . 

ch „ 'J,, r £* a ‘ ar J rd ( 1 . yf.yfcj <; r . ,t Ir.od iu V*1C 



act:" it y f .> 



rr'ZlOV * \\ r 



f ' t _t n v .r of c rr. 
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*> i. V 


fci n i v " r'*nl t be , 7 


f * J* - 


r»/ r -» 

* *4 * * 


xc 


■r and 


c rr o, 


<r 


». ,o » v- - 

J * U.J. ill 


Vn 


* 7* 


o fact 


th t * ' < 


*ro nra bo.c , "*r n: 1 comic 


X 1 - c c 


•i* 1 




ho; rarer 


--•up* oca 


that tho ri’if.bor of bnc'rT 


VTif e u rt 


a in 


, * 

iX 1 


" n t x io 



-v'l io . Then th»* -tvndr.rd d -\ati-n 'dll b. 

^ * V i. + h (u). 

T #ctu 31y -v-tm /'r • the h If-lif* of -l 2 ^ fro*, ti e 

in Anp ndi:: 1 a linn r a fitt to th Oit r using 

tie J ■ of leart squares. hort derive ti n of the 
th rr of this • then 1 given. 

>.??• ce of *; points, of vf ich only the y c r- 

din it e 1* su^ecptiMe to err r, *.<hcn plotted n rr ,li paper 
u<T|-« at a Hr. ♦nr r latiohnM’ -it' end ’ n 

y m rr t * !: (IP), 

‘ , t d.- be the* *•: ff r nee br.tvec* the rd.'otr o> 4 lie 

• f th p'lrt rrd .ho oo.f.mp ndin : ordf: -te of the 31*. . ben te 

tho • of v ± by iho netted of 3cn t .qv.ro. f.au u..*» 

t* b ot fit *rl ** 3 be ir>, j vh» . *h rv i of the 

r i^%) 2 i® a Uiirrr . Thi oay be ec:...*c. c'-d as f llu.-n: 

I -'if “ + CO) 

ia to b • lain is* d. 
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.ccpension of (13) lends to 
£w.d'; « £.u, (y? + * 2 *J ♦ k 2 - 2 rr/.n. 

X lx X XX 

4 . OIm y \ 

* V*. ^ / 
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This raj bo further simplified to 



£w.d^ » k § £m i + *■*£*}*) * 

-2- £ ^ i / i * £. *- i yJ ( 1 -5 ) * 



Gonoi . . r t 


his r 


’< ■ ? 
i S .* 


: 6 


i.« fu. 1 ' 


* * 

- 


n 0 


r t.i 


xri 


• bl ''• 


r' 

t 


k. -<yy 




/«dj 

X 1 




- f (1 




). 


fo /to 0 


!/ Cl*l i 


r *w vo»i 


- 


rainirsa of 


f ( L i j 


»k) 




funct. 




3 of 


• ,v ,«,,,* V 


-*•> • r* 

1 fcO 1 


c i-j 


Ij 


cno r-0 3us 


only 


w .,3 


tfci 


X* oh-j 


p* 


at it 


1 icrlv;. 


1 VO 3 


of f 


(•• . 


first 


. 03. 


.oct 


X. 


n i.u ; 




hen 


with rosy 


-Ct t 




rd 



l 



:) 



0CtO/ i C 0 -*jO v o GO to s» 21 v.' i\ Salto C^llviX ^3 SO- » a. * ^ 1 v) ,-c'* 

foil .a r tw oquationo ixt th*.. t** xnvru. n an k: 






wil 



« 2l:£v/^x^ + 2m £V|X|<4 ^*1*1^ “ 0 
HSZ^l a 2k £w. + k £wx - t £*4*1 CT 



(16). 



The s. lutii n to thv- .* uqiXatiOfHi — 7 ’ v ritt : <' , :: 



i. , Cy b/ ^r x scr^s rale an<i is 





‘Wi 


l-l-'i 1 


1 1 


1* 11 


X t«| y l 


k « 


tVi 


x-'r-J 


; n « { 


X*1 


iVl 



D D (17) 



where 



D 



>£ *i*i 



1 



* u r-i 



(18). 



20 



\ i- * i 



Ijw r i, , al* 



r <• ■ in '"M C " ;tc ■ 1 



f < •-■ 1 e 



0 * d io 

y « *** US) 

tMui'S *. i'-J ti •» 0 V, J - - s 0. . , 

* X J . 1 

i ' u I»< 1 • •*/ 4 1 ^ :tt ozi : ■ «ru. . •* if.. 

1* - l ' <if o v.-. i3f j Oi ,1 ) V. net 

Id ); y *» lo&, k Me 1 . % c oi^ (20/* 

It or put/ y* * 1-JCj y, a 1 ® n Iog^ «, r-ru k f » lU/.n i:, 

■Vb *i n U4) bvC 3 

y* » o’ 4- k‘ (21) 
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a;* ” ti:,d * nr - not L os 
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error of n’ nay be obtained from 

(u. . in m 1 ) 2 05 C 2 2 o* ( G ::t} (24) 

v;here 

c 2 “ £* 4 / °* (25) 

in which D* is the D defined by equation (12) with w! sub- 
stituted for and y| for y^; 
and 

<x ' ( ext } “ £’4 /(n-P) (26) 

in which n is the number of points to bo fitted, and p is 
the nunber of adjustable parameters. In this case n~p is 2, 
Application of equation (24) leads to a.*». in ti* ** -.00300 
and ultimately the J.l. in the half-life of aX 2 ^ » -.20 oee. 
^hus tho half-life of Al 2 -* is reported as 7.11 - ,13 sec,, 
where .13 08 (.67){S.D) * probable err. r. Figure 6 is a 
graph of the decay of a! 2 * , 

The data li.-tcd in Appendix II is ©unrarised in Table 2. 
Co iputationo precisely similar to thooo mad© for were 

perf med for ,l /; ° , indicat inf the half-life of Al 2 ^ to bo 
7,6l - .21 see., where the - .21 sec, is probable error, 
figure 7 is a graph of the decay of Al 2 ’ . 

Tho values obtained by tboo .uepori rento for th half- 
lives of Al 2 -* and A1 ^ should now be cor par d 1th values 
re rtod by other research w r’rors usin, different methods. 
Dradner and Gov;^ have re rto< the half-life of I 2 ** to be 
7.3 sec. They bombarded I g 2 -* 0 \fith prot ns S'va a linear 
accelerator .-nd found an activity of 7.3 s* c . which they 
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Tal»l< , . .a ivy of >.tc. fvji 5 41**°. 


iuj -*-4, 


attribute d t the rvwtcti- n ry'^CPjZi) 


A1 ^ , It 


is thus :h*,«n 


th.'t the results of 


-his ex tri* cr;t 


a^it * nuite 


c,l &..' ly with 


t!v s* f r&dncr and 


Gou lor .1^ . 


Bradner 


’et did nvt, 


ivo th d tui a of their c*:pori. ©r.fcal arranr-t. 


•rt, m: r 



tlx -nor 1 y of Vu bombarding pr t ns, n.r r r 1-iblc orr:r 
ii. t'leir result* Vhero are very feu rur* rto Is ti i liter*- 
tur< list! a hnlf-Ilfe f r 1^, TM i& urd ubtedly ■•’u? 
t t,h- f ct that only rv,e utly hav\ ,■ » i- .to* in .t ..yen f 



2 ? 




. 




. £ been availabl 



The cot.. on pi* c dure in th 



l iCt ha a 



been to benberd a target of unccparafrd i a-vn siu* /ith 

o r 1 

pr't..no, ''his • rives a nixturo of t:*o two is tox>es *V~‘ > 

n(\ 

and A1 , and since their half-livoa arc &c cloc: together, 
t’.o decay curve obtained cannot in cneral be res -lv« d 
into two co* Tv,ncnto. 

uite in contract t th« c se f r Al 2 - there arc r.&ny 
values reported in the literature f r th 4 half-life of 
Al^. The latest also is 6,3 sue. and rep rted by 



sradner and Gow in the ana article in which they reper .cd 



on Al°. The reaction they used in thin case was 
1 g^(p,n) Al^ where again the protons were oui/li^d by 

a linear accolcn&t r. ther older values^* ~ ‘‘ in the 

0/1 

literature for the half-life of Al*" , however, range fror.i 



7.0 sec. to .5 sec., with noet of the vain s centering 
around 7.0 sec. dra drier md bow have suo5#st*d that the 

7.0 sc. half-life nor j ally given for a!^ is probably a 
ixture of Al' ; ^ and Al 2 * , this * ay be true in so: c csc.es 



but it is difficult to sco how it could possibly b rue in 
others, for era pic, Perlmn and Friadlander^ 2 ^ used the 
react! n Al 2 ^ fy,n) Al 2 ^ which certainly should hs vo 
t ion alni st p: re Al 2 ^ , Any al 2 ^ ch they would have 
rotten \ • old haw car r fr~! • the reaction kl Af (>%£ n) 
which has a v*r; ». vll cress section coi par d t<- the br,n) 

il6 

reaction. ho half-life ro wrtod by k«w f r A1 was 
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7*0 tea* affler rrd hires!' hav* els used tho kV~? 

{y, m } Ai*^ r'r.cti -n; they report t3ti hrlf-iifo of to 

be 7.2 sec. In a pinoer exixririent i this field fri 
as. plo/inr the ret at ion T a'~^(<x,n) U , obtained a value 
of 7 * 1 see. ihr the hi If-life of Al^ u . Huber et aX^' 0 ', 
r* ction Al 2 ?(>-,n} Al^, obtained a half-life 
of 7*2 - *5 sec. fer Al^°« Ir ill «m«i rc • 

where one .--uld roes nobly expoct tho true activity 
rtcasured to bo a Mixture of Al"^ and Al 2 ^ only a si. pie 
decay cur vo has been b carved. -his would toad t indies til 
that tho true half-live* <..f JO/"" and Al** u are rulto close 
to£- thor, 

fhe value f • unci in t is experiment £ r the half -life 
of 41®^* 7*61 - .21 sec*., does not apree with tho 6.3 cc. 
of Bradnor and Gov/. Ho explanation is < ffer d f- r this 
discr pancy -thor than the fact that the voluc f'-und in 
this * rk d co agree «i%h that reported by v - ref !“c^’ 0/ 
'th*r than Radnor and G .*?♦ no pos iblo xplarr.t ion is 
that t > ro are tvr ioo:r ri c o totes of .1' 4 th -vibe cl so 
half-lives. 

discussion of IIw iothod*Q Capo Hi ios and Li: ita- 

tior.8 

It is nanif ■> otly tv bo r >, rotted hat . >erc vas n 
■r rtun • ty t c nduct ri. ext*sri» /*nt ‘Jfcich ■ » t Id rrve 
utili". d th* n*, Qbho. in Ion orinin* 1 ’ '/ doscrib'-d * enter* 
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he min re u.:n f-r tc din*; t t j bux'-s ho <• If - :!v- f 

al*'-' and /.r‘ inc o^d of iny other radioir* t -p.;s t?v- •'■>© 

thr. th !, j in ’•/ledgo •• as desir'd in collab ration ’dth 
a . «r’< at t ia urtiv-rslty of .. >• Taylor ,md • i . 

iu oil on tx'ic sui’i; £ nuclear roe- -nance pc 1 for h- re- 

,,ct no ! (p>7“) Al^ and (p,>) Al^°. 

f -_ls certain that if ti .o >*ulc hav ' p* rnitted the per- 
f r: -in.ee of mother ex -erl ent, the ap aratus d. scribed 
would fiavo r r :od sat i of act, rily in its criminally de- 
scribed uay » 

The rain ad van tan 03 of thin new nethod are its sim- 



plicity of dooirn, the fact that it utilises nc-stly c a- 
»■ rcially available e-aiiprj nt, and its preat flexibility of 
liciti n over a uidt range of half-lives, 1 uilli«ec*to 
1 - In. For all half-lives lo» H m t than 1 sec. the a dart at i n 
us d in . he Al r *^ and Al*° exyerinents is probably norc 
practical than th irst-f escribed ethod. 

Cno of th 11. itatient ah uld t>® : eat red 

inclulos the 1 rge rat. ber oi run . ‘iiich ?uld bo n< cesr- r; 
t- iiu'itv a e all pr-rh-bl-* error uoiny th* first . oth d. 
inco tho he If -lif - -.uld be cx< umc or , h bade • 't-.ly 
ohr-% infs, t 'os - * i:t* ■ jyl- = ; avo t : o : nee. Als 

if the ::otho<; to t h» used %• r ( u t ©vw- hull-li /••* ch r*t«. r 

-3 

t m a pr xi: tel r 10 sec., the licer tube eh, uld be 
r*vl. cod by a eiwtilli f * n n urf- r. his \t uld be necessary 



30 









jSB^m 

.-r. 










«• •• ' ■ 



-r t. i f « i lip i i-* 

• f X 

























* .' ' 






- 









tiirr.o 1, .r tub . }.- v- tir.ua m ho r.t.r f 1 






c. 



, 4 nd tv r«* / c incid ence c unt& cult;'" ;<*. lo l . icti’illy 
.1 r.co neintil.la.fc iter Counter ded tl. ,-.ro of i* ** order cf 
M,"' ooc, , this r.ethod i capable of Fea.rarlf tstlf-liv^s 
t.n tho order £ 10“* * sue* if an auxiliary fa at caeillosco c 
xroep i;oro c:nntr ct d, and if an electronic Gutter of 
a q typo were utilised. 



Another i in«r li itaV. n is the feet that ir. tho di~ 
fienti s rj employed in tb cur rout experi • ntc the nu bor of 
tints btained at a riven v to ye netfcirf n a he 931- A 
phototube in v--ry son itivc to • he ir.ir c n-r 1 t*n the 
amplifier usc4* This rade it ntcafluar; to call hr tc th 
h^t .tv.ro part i<£ oho apparatus by f td ’ . . a 1 ft m fre- 
quency puls- £r..n a pul.><* -t nor -tor into the v rticol o 
fl- cti'. n plat*, c of tho oeillo-oc- «po and ad.iuctinc tho gain 
cor.tr 1 or. tho amplifier* until tho sealer contacted t • tho 
output ■ f the ph totube roc rdod the correct number f cunts, 
flic variable controls were not t ached /..fain then dull. % an 



entire experiment . In reality t .1 in not a o'.’i rs dc'.oct 
.••inco all thi.t in actually required is t at th fain r*. ci.n 
c.natt-nt over the- im nee ml a oi caci irilivid al run. 

There are cov-~ral redivisvt y os ho h lf-1* >-s i b 
;«* fit ably b c> >c' J by ./ is n*w • ti -1, & C tb .ae 



arc list d below, lyzc her ;ith the r*r. it d v'l’-vr 
.lali'-li . s .t2V),(30),(31) 
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*?ncjc values uero c a \ *at©d uc-u», r CSS I'aluic as '.;i w. o / 

, ctr lis and G. Keitwivor.or, f, u bio of «t ric : .* s-"©e° , 
.r.;-nne National 1 bora tor/ , 1950. 
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-n thsr v ry interoctin< c:cpc-r:L- * mt >4 ±- }j c aid fo« 
i ji« 1 . S ' sure t- i half-li_e of fr- : the 

r:j ctlon F ( p ,>) .I 100 for c&f/*r«nt £ >.hc 

bardin, r„t -ns* Jiffav^eit values of h If-liv at differ- 
•. nt et.tirgLos ujg indicate the oacintu ee of is. : ric at tea 
of r . Cu. ’ran end dtr- t! ers' ’ ' # porf r- . d this cxv**ri- 
> oTit ith an urse; "rated J*g target in 1939, and heir re- 
it a -•? *3f t'e pv-s ibility that indeed diff* -e.it half- 

livoe .irjit bo x'ojtnu at different borxard.’nr px'ot. n or irgies. 



bui nary 



A n-w ; ethod of ncasurlr^ ah rt half-li’e* s in the 
ran'© frovs 1 illiscc, t 1 tin, has been described. This 
c -th d has then been applied to the treble :a of deter ining 
the half-lives of a 1'" ? and A1 J with the follovrinf rca Its: 
Al'^-7.11 - .13 oec. ; X' -7.6l - ,21 sec. one capabili- 
ties *n li itati ns th »-*--thnd have b on disci: sr. .1 end 
future ayplioati 'ns have b : ea acy.'-ested. 
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